Martensitic transformation can be induced by plastic deformation in metastable iron-based alloys, such as stainless steels containing limited amounts of C, Ni and Cr. This transformation takes place at the temperature range from M s and M d , usually at relatively lower temperature values. The transformed martensite has been associated with maximum ultimate strength and relatively high ductility. In the present work, the tensile fracture characteristics of a metastable AISI type 302 stainless steel was investigated in the range of temperatures from -196°C to 25°C. Mechanical properties were compared to those of a stable AISI type 310 austenitic stainless steel. It was found that in 302 steel, its high degree of metastability and dilute dispersion of inclusions result in higher strength and complex modes of fracture, one of which consisting of martensite surrounding globular inclusions.
Introduction
Steels exhibiting higher strength usually display lower ductility except when martensite transformation occurs during plastic transformation 1 . Indeed, high ductility was earlier found to be associated with improved strength in metastable steels, such as TRIP [2] [3] [4] [5] , high chromium 6 and stainless 7, 8 undergoing strain-induced martensitic transformation.
By that time, the effect of martensitic deformation on the fracture of tensile deformed TRIP steels was reported by Maxwell 9 . In high nickel TRIP steel with varying carbon content, Maxwell 9 found that failure was strongly dependent on the presence of both strain-induced and stress-associated martensite. He suggested that the mechanisms of failure were: cleavage across the stress-assisted martensite plates and decohesion at the austenite/strain-induced martensite, with subsequent voids formation leading to crack nucleation. Maxwell 9 also proposed that dispersed carbides in TRIP steels would initiate strain-induced martensite. Subsequently, voids might be formed at these carbide/martensite sites and so preventing the intergranular fracture observed when martensite initiates at grain boundaries.
As for stainless steels, Bressanelli and Moskowitz 7 suggested that the amount of martensite formed during necking in AISI 316 steel would enhance ductility. On the contrary Rosen et al. 8 argued that it was not the total amount of martensite, but its distribution, which was important in governing the ductility of the steel. Fatigue crack propagation has also in the past been studied in austenitic stainless steels 10, 11 .
In recent years, the effect of martensitic transformation on the strength and ductility of stainless steels subjected to cold plastic deformation under temperatures in the M s -M d interval of metastability, continued to be investigated [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Gauss et al. 12 found 78% of γ martensite after 39% of plastic strain in AISI 201 steel. Pramanik et al. 13 revealed the presence of strain-induced martensite during cold rolling of a duplex stainless steel. Hamada et al. 14 indicated that in 201 and 201L steels strain-induced martensite is the dominant mechanism controlling the tensile flow and work hardening rate at temperature from -80 °C up to room temperature. Saha et al. 15 reported that in a Nanoflex TM precipitation hardenable stainless steel the morphology of martensite formed in tension is different from that in shear deformation. Sheared samples show roundish precipitates with a core. Fan and Fu 16 disclosed maximum value in the yield stress as consequence of martensite transformation in austenitic stainless steel subjected to severe plastic deformation. Kundu et al. 17 investigated the room temperature tensile behavior of 304 stainless steel at strain rates from 5x10 -4 to 10 -1 s -1
. They verified a decrease in strength with increasing in strain rate, which was attributed to lesser amount of deformation-induced martensite. Taleb and Hauert 18 showed that in 304L steel the martensite nucleation takes place at the intersections between micro-shear bands or twins faults. Mertinger et al. 19 emphasized that the nature of the strain-induced transformation is complex and probably associated with ε phase and deformation twinning. 21 found that a sufficiently high initial dislocation density is needed to localization of the martensite transformation in 304L and 316L austenitic stainless steel as a Luders front. The martensite acts as an elastic reinforcing phase as it supports a higher stress than the austenite tensile loading even though the martensite co-deforms plastically with the austenite. Byun et al. 22 investigated the work hardening dependence on the instability of several austenitic stainless steels, 304, 316 and 316LN. From room temperature until -150°C, the work hardening exhibits two stages consisting of a rapid decrease for small strains and an increase-decrease cycle before plastic instability occurs. TEM shows that twins and martensite along with dislocations are formed at subzero temperatures.
Martensite transformation was also investigated during fatigue tests in austenitic steels [23] [24] [25] . It was verified that under fatigue, crack growth is a non-uniform and very localized process due to the martensite transformation 24 . Furthermore, the crack growth rate is relatively slow owing to the intense hardening in the ahead plastic zone. This was related to the influence of martensitic transformation occurring near the crack tip 25 . In spite of all these research works, a comparison between a metastable and a strongly stable austenitic stainless steels would cast more information regarding the role played by martensitic transformation on the mechanical properties. Therefore, the present work compares the behavior of 302, metastable, with that of 310, stable, austenitic stainless steels.
Experimental Procedure
The austenitic stainless steels investigated were an AISI type 302 and AISI type 310 supplied by Sandvick. The chemical compositions of both steels are presented in Table 1 .
Both steels were received as hot-rolled bars with 10 mm in diameter. They were solution treated at 1100 °C for a complete annealed microstructure without residual phases except the face centered cubic (FCC) matrix. The average grain sizes were 31 µm for 302 steel and 37 µm for 310 steel. The annealed microstructure displayed a dispersion of round inclusions, apparently manganese sulfide, with some tendency to align along the longitudinal axis of the bars. 
Results and Discussion

Tensile Properties
The true stress-true strain tension curves for both steels are shown in Fig. 1 . At all investigated temperatures their ductilities measured by the strain at fracture are relatively higher (≥ 30%), being always superior for the stable 310 steel below RT (room temperature). The highest ultimate strength was attained by the 302 steel at 77 K (-196°C) with more than 40% of ductility.
Owing to the martensitic transformation, a greater work hardening rate is developed above 4% strain in the 302 steel at all investigated temperatures. The typical variation of the work hardening rate (dσ/dε) with strain (ε) in double log scale is exemplified in Fig. 2 By contrast, for the 302 steel in Fig. 2 the points adjust to a linear relationship associated with Eq (1) with n ~ 0.4 only up to 4% of true strain. Above this strain the value of dσ/dε raises significantly up to 20% of true strain and then falls abruptly until fracture. A similar behavior was reported by Byun et al. 22 in 304 and 316 steels at subzero temperatures, where theses steels are also metastable.
Martensitic Transformation
The strain dependence of the volume fraction of deformation-induced martensite is shown in Fig. 3 for the metastable 302 steel. No magnetic response, which could indicate martensitic transformation, was obtained for 310 steel at any temperature. In Fig. 3 almost by an additional 10% in strain after the maximum load in the engineering curve. The reader should pay attention that the 302 steel true stress-true strain curve at 77 K (-196 °C) in Fig. 1 has a dashed segment of about 10% true strain corresponding to the decrease in load from ultimate strength to fracture in the engineering curve. This extension of the necking was earlier attributed to the amount of martensite 7, 8 . Another point worth noticing in Fig. 3 is the minimum in ductility at 193 K (-80 °C). The possible reason is that from this temperature and above, the amount of martensite at maximum load was still growing but could not reach a value sufficient to interfere with necking. Therefore, it could not extend the strain at fracture as happened at 77 K (-196°C).
Fracture Modes
In 310 steel the fracture surface at all investigated temperatures displayed a characteristic cup-and-cone appearance. The main mode of failure was opaque-transgranular, Fig.  4 , associated with dimples (microvoids) that are typical of a ductile type of fracture 1 . A dispersion of relatively larger microvoids containing inclusions (particles) is observed in the insert with high magnification. This ductile transgranular mode of fracture in 310 steel is associated with its relatively high ductility (45-55%) displayed in Fig. 1 , which is a wellknown property of stable austenitic stainless steels.
In 302 steel the fractured specimens at all investigated temperatures presented a generally, Fig. 5 , bright-brittle and neckless appearance.
At 193 K (-80°C), the fracture surface was covered with craters formed at inclusions enveloped by packets of martensite laths, as shown in Fig. 6 . These packets are, for the first time, reported as a specific mode of fracture in a metastable austenitic stainless steel.
In other metastable steels, such as TRIP 9 , evidence exists of stress-assisted martensite at lower temperatures in association with banding due to large martensite plates. Here, the fracture mode in 302 steel were always related to relatively thin laths (lamellae) typical of deformation-induced martensite. Despite the brittle fracture appearance, Fig. 5 , the moderate ductility (30-45%) shown in Fig. 1 a positive effect of the martensitic transformation on the mechanical properties. At 77 K (-196°C) where a high amount of martensite (~75 wt%) was transformed, failure appeared to be also associated with cracks developed directly at martensite lamellae without participation of inclusions, as shown in Fig. 7 . This could be another fracture mode characteristic of a metastable austenitic stainless steel, such as 302 in the present work, subjected to higher amounts of strain-induced martensite.
Final Remarks
The SEM fractographic results in Figs. 4 to 7 have shown that there is a considerable difference between the modes of fracture of a stable, 310 and a metastable 302 austenitic stainless steels. To some extent, this is surprising since both steels display about the same elongation at fracture, Fig. 1 , particularly at 298 K (25°C). As for the fracture modes, the 310 steel failed at all investigated temperatures in a ductile fashion. This is apparently a consequence of the uniform decrease of work hardening, 4% strain, which increases the necking occurrence due to Considère's criterion 1 ( 
2)
The specific dV/dε at the beginning of necking for each temperature led to the differences in fracture mode. At 77 K -196°C) the transformation had reached an almost saturated condition and dV/dε is close to zero. A greater amount (75 vol%) of martensite is transformed. The fracture mode is mostly associated with cracks nucleated at crossing of martensite lamellae, as shown in Fig. 7 . Above this temperature, the value of dV/dε is relatively high at maximum load, Fig. 3 , and martensite is formed around inclusions, as shown in Fig. 6 . In other words, the strain-induced martensite laths nucleate around inclusions accounts for the packets in Fig.  6 . In this case, micro-cracks caused by the decohesion of the martensite interfaces with the FCC austenitic matrix, appears to be the fracture mode. Finally, the complex nature of the deformation-induced martensitic transformation 19 demands a specific analysis of stresses and strains developed during necking to enable a precise characterization of the fracture mode at each temperature of a metastable austenitic stainless steel.
Conclusions
• 
